sequences of VP6 and NS28, the protein products of genes 6 and 10 respectively, were compared with other published sequences it was evident that the proteins of human rotavirus Wa have the highest degree of identity with rotavirus YM. This is in contrast with the observation that when other proteins of these two strains have been compared they have been found to be among the most distantly related pairs of rotavirus strains. This observation is in accordance with the proposed receptorligand interaction between NS28 and VP6 during virus morphogenesis, and suggests a specificity in the interaction between these two proteins. In addition, when rotavirus YM VP6, which belongs to subgroup I, was compared with the VP6 proteins of rotavirus strains having different subgroup specificities, it was found to be more closely related to subgroup II rather than subgroup I proteins. This finding allowed us to identify five potential amino acids on VP6 that may contribute to determining the subgroup antigens.
Rotavirus morphogenesis involves the budding of subviral particles through the membrane of the rough endoplasmic reticulum (RER) (Estes & Cohen, 1989) . The non-structural glycoprotein NS28, an integral RER membrane protein, has been proposed to be the intracellular receptor for the single-shelled (ss) rotavirus particles (Au et al., 1989) , and VP6, the major innercapsid viral polypeptide, has been identified as the protein on the ss rotavirus particles responsible for the interaction with NS28 (Meyer et al., 1989) . This receptor-ligand interaction is the step preceding the budding of ss rotavirus particles from the cytosol into the lumen of the RER (Estes & Cohen, 1989) . Here, we report the nucleotide sequences of genes 6 and 10 of porcine rotavirus YM, which code for proteins VP6 and NS28, respectively.
Full-length ds cDNAs of YM genes 6 and 10 were produced by PCR amplification of the reverse transcription product of mRNAs transcribed in vitro from ss virus particles as previously described (Flores et al., 1982) . The oligonucleotides used were complementary to the conserved 5' and 3' ends of these specific genes, and their 5' regions had additional recognition sequences for restriction endonucleases that were used to clone the amplified DNA in the SmaI site of plasmid pGEM-3Z
The nucleotide and protein sequences have been deposited in the EMBL Data Library and have been given the accession numbers X69487 (VP6 gene) and X69485 (NS28 gene).
(Promega). The cloned ds cDNA from two independent PCR amplification assays was subcloned in phage M13mpl8, and the nucleotide sequences of three fulllength clones derived from each of the two amplification reactions were determined.
Rotavirus YM gene 10 is 750 nucleotides in length, that is one nucleotide shorter than the same genes of other rotavirus strains sequenced (Both et al., 1983; Baybutt & McCrae, 1984; Okada et al., 1984; Ward et aI., 1985; Powell et al., 1988; Ballard et al., 1992) , with the exception of human rotavirus Wa gene 10 which is also 750 nucleotides in length, and shares with the rotavirus YM gene the absence of an A residue at position 684, in the 3' non-translated region. YM strain gene 10 has a single long open reading frame that codes for NS28, a protein of 175 amino acids. The two highmannose N-linked glycosylation sites at amino acid positions 8 and 18, which are conserved in all strains, are present in rotavirus YM as well. When the deduced rotavirus YM NS28 amino acid sequence was compared with other NS28 sequences (Fig. 1 ) the highest similarity found was between the YM and Wa strains, since they differed in only six amino acids (95 % identity), whereas these two strains share between 82 % and 85 % identity with NS28 proteins from other human (A28) and animal (SA11, NCDV and UK) rotavirus strains.
Rotavirus YM gene 6 is 1356 nucleotides in length and codes for VP6, a protein of 397 amino acids that forms the inner shell of the virion, and carries the group and methionine, which is conserved in all strains, is essential for binding activity (Taylor et al., 1992) . However, it is not clear whether this in vitro assay actually provides information on the efficiency of budding, which may vary for different combinations of receptor-ligand proteins. An observation apparently opposed to this possibility is that genes 6 and 10 of rotavirus seem to be able to reassort with no obvious restriction (Gombold et al., 1985; Kalica et al., 1981) ; however, the possibility that an optimal interaction between VP6 and NS28 may enable a virus to be better suited to grow within a population can not be discarded. VP6 contains epitopes common to all group A rotaviruses and epitopes that have been used to classify the group A viruses into four subgroups depending on the presence or absence of two non-overlapping antigens called I and II (Estes & Cohen, 1989) ; thus group A viruses may have either antigen I (SG I), II (SG II), I and II (SG I/II), or none [SG non(I/II)].
By comparing the amino acid sequences of VP6 from rotaviruses belonging to the four different subgroups mentioned above, Gorziglia et al. (1988) identified 12 amino acids distributed in five regions that may contribute to subgroup epitopes. Regions A (amino acids 45 and 46) and C (amino acids 114 and 120) were proposed to contribute to SG I epitopes, while regions B (amino acids 83, 86, 89 and 92), D (amino acids 312 and 317), and E (amino acids 341 and 350) were proposed to contribute to SG II epitopes.
As noted above, rotavirus YM VP6, which belongs to SG I, was more closely related to SG II than to SG I proteins. The comparison of the amino acid sequence of rotavirus YM VP6 with sequences from viruses belonging to the four different subgroups allowed us to narrow down to five the possible amino acids that may contribute to subgroup epitopes. Amino acids 56 and 120 appear to contribute to SG I epitopes, since they are the only two that are conserved in all SG I and SG I/II strains analysed and that are different in the SG II strains; however, there must be at least one other region in VP6 involved in determining SG I epitopes since virus H-2, which has neither SG I nor SG II epitopes [(SG non(I/II)] has the same amino acid residues as SG I strains at these positions (Fig. 2) . On the other hand, amino acids 315, 339 and 348 seem to contribute to SG II epitopes, since they are the only three amino acids conserved in the SG II and SG I/II strains analysed that are different in the SG I and SG non(I/II) strains. The amino acids in the region B proposed by Gorziglia et al. (1988) do not seem to be involved in SG II specificity.
The binding sites for monoclonal antilYodies that recognize group-specific epitopes have been mapped to the region between amino acids 48 and 75 (Kohli et al., 1992) ; this region may thus contain group and subgroup antigens. The contribution of the proposed amino acids to subgroup epitopes should be amenable to study by directed mutagenesis.
